Abstract. Tumor dormancy is a common biological property of malignancies and a leading factor in treatment failure, metastasis and tumor recurrence. The present study generated mouse xenograft models by injection of PKH26-labeled SKOV3 ovarian cancer cells, which were divided into two groups: The control group (SKOV3-P tumors,) and the treatment group that generated resistant tumors following prolonged administration of cisplatin (SKOV3-R tumors). Administration of cisplatin resulted in inhibition of the tumor growth and SKOV3-R tumors coexisted with their host at a stable size. According to fluorochrome PKH26 retention, there were multiple cell clones (PKH26 hi , PKH26 low and PKH26 neg cells) in the single cell line generated from xenograft tumors. PKH26 hi subsets in SKOV3-P and SKOV3-R tumors were dormant cells, as the majority were arrested in G 0 /G 1 phase and expressed high levels of the stem cell markers Nestin, CD117 and CD44. PKH26 hi subsets also demonstrated greater clonogenic capability in vitro and tumorigenicity in vivo, as compared with PKH26 low and PKH26 neg cells. Notably, chemotherapy was demonstrated to lead to the enrichment and enhanced stem-like characteristics of dormant/slow-cycling PKH26 hi cells. The results of the present study have demonstrated for the first time, to the best of our knowledge, that dormant tumor cells exhibit stem-like characteristics, and that cisplatin enhances these characteristics in epithelial ovarian cancer cells.
Introduction
Epithelial ovarian cancer (EOC) is one of the most common forms of ovarian cancer, and the overall 5-year survival rate has been reported as 15-30% (1, 2) . Patients with EOC commonly exhibit a satisfactory initial clinical response to optimal cytoreductive surgery followed by systemic paclitaxel-and platinum-based chemotherapy (3); however the majority of patients develop recurrences, with latency periods that range from years to decades. This time period (4) can be explained by tumor dormancy, which represents a subclinical equilibrium between the host's immune system and quiescent residual tumor cells, and also represents the minimal residual disease, a stage that remains a major obstacle in achieving complete remission. Tumor dormancy, associated with cancer stem cells (CSCs), has been previously extensively studied (5) . Although it is unclear whether CSCs harbor the genetic alterations that are causative of cancer, primeval traits of adult stem cells may potentially explain tumor cell dormancy, such as their quiescence within a niche that is critical in tissue proliferation and protection of tissue homeostasis (6) . It has therefore been hypothesized (7) (8) (9) (10) (11) ) that disease relapse is the consequence of CSCs, and following a period of quiescence, they subsequently resume growth.
The current isolation and identification methods of CSCs are based on their functional and phenotypic properties. CSCs are defined as a small population of undifferentiated cells and are responsible for tumor initiation, metastasis and recurrence following therapy (12) . EOC originates from the normal ovarian surface epithelium (OSE) (13) ; however, the isolation and identification of stem cells in the OSE has yet to be achieved. Therefore, markers of CSCs associated with normal stem cells remain unknown for EOC. Therefore, markers of CSCs associated with normal stem cells remain unknown for EOC. In a previous study of EOC (14) , screening and evaluation of other stem cell markers was applied to isolate the stem cell clones from ovarian tumors. It has been demonstrated that Nestin and Oct3/4 are expressed in ovarian CSCs and are associated with an immature stem-like and dormant cell population. In a previous study of EOC (13) , it has been demonstrated that Nestin and Oct3/4 are the markers for ovarian CSCs and are associated with an immature stem-like and dormant cell population. Nestin is an intermediate filament protein that is a neuronal stem/progenitor cell marker that is expressed during the development of the central nervous system (15) . Nestin has been associated with aggressive growth, metastasis and poor prognosis in certain types of
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tumor and is highly expressed in diverse types of cancer cell and proliferating tumor vasculature (16) . Oct3/4, a member of the POU transcription factor family, is a marker of embryonic stem cells, and is expressed in embryonic stem cells, germline stem cells and undifferentiated embryonal carcinoma, whilst it is not expressed in differentiated cells (17, 18) . The stem cell factor CD117 belongs to the tyrosine kinase receptor family with five immunoglobulin-like extracellular domains (19) (20) (21) (22) . CD117 serves an essential function in maintaining embryonic stem cells in an undifferentiated state, and is involved in the self-renewal of progenitor cells (23) . The hyaluronic acid receptor CD44 antigen is expressed in numerous types of tumor and is also a marker for CSC subsets from several types of solid tumor (24) . Long-term label retention is extensively used for the identification of quiescent stem cells (25, 26) ; in particular, the fluorescent dye PKH26, which can irreversibly bind to the lipid bilayer of cell membranes and produce a stable, clear and precise fluorescent signal. Subsequent to each cell division, the label is equally partitioned among daughter cells. Furthermore, the PKH26 fluorescent dye has a low cytotoxicity and is not passed between dyed and undyed cells.
In the present study, mouse xenograft models were developed and the expression of stem cell markers (stemness) and tumorigenicity of label-retaining PKH26 hi cells (dormant/slow-cycling ovarian cancer cells) was analyzed. Additionally, tumor growth and side effects were monitored following chemotherapy on xenograft tumors generated in mice by injection of ovarian cancer cells. When the growth of the mouse xenograft tumors ceased in the presence of chemotherapy, and were stable in size, the stem-like characteristics of the dormant/slow-cycling PKH26 hi cells were analyzed. ), the mice were randomly separated into two groups (n=35 per group) as follows: The control group (SKOV3-P xenograft tumors) and the cisplatin treatment group (SKOV3-R xenograft tumors; intraperitoneal injection of 4 mg/kg cisplatin twice a week for 3 weeks). The experiments were terminated if the tumor size of the control group reached 1,500 mm 3 , or if the tumors of the treatment group coexisted with their host at a stable size subsequent to the end of the treatment for ≥1 week. All surgical procedures were performed under sodium pentobarbital anesthesia, and all efforts were made to minimize the suffering of the animals. At the end of the experiment, the mice were sacrificed and the tumors were excised for PKH26-based sorting by flow cytometry.
Materials and methods

Cell
Tumor growth and side effects. The mice were closely monitored every day and the body weights and tumor volumes were measured every 6 days. The tumor volume (TV) was evaluated using the following formula: TV (mm 3 ) = (width 2 x length)/2. Blood samples were collected from the caudal vein once a week to count white blood cells (WBCs). All of the observed side effects of the chemotherapy were recorded during the experimental period, including weight loss, changes in behavior and feeding, reaction to stimulation and ruffing of fur. The grading criteria of the side effects were as follows: 0; WBC ≥6x10 9 /l, weight loss ≤5%, no skin discoloration or drowsiness and a diet decline ≤25%. I; WBC 5-6x10 9 /l, weight loss ≤10%, mild skin discoloration, short-term drowsiness and diet decline ≤50%. II; WBC ≤5x10 9 /l, weight loss ≥10%, severe skin discoloration, long-term drowsiness or coma and diet decline ≥50%). Therefore, grade 0 indicated mild, I indicated moderate and II indicated severe side effects.
Tumor digestion for PKH26-based sorting and analysis by flow cytometry. The dissected tumors were finely minced and subjected to collagenase digestion (10 mg/ml collagenase IV in McCoy's medium) to obtain single-cell suspensions. PKH26-labeled tumors yielded a continuous gradient of cells with fluorochrome PKH26 retention ranging from high (PKH26 hi , equivalent to pre-injected cells), low (PKH26 low , fluorescence intensity lower than pre-injected level), to total label quenching (PKH26 neg cells). PKH26 hi , PKH26 low and PKH26 neg cells were identified, gated and sorted based on the fluorescence intensity of this continuous gradient for subsequent experiments. PKH26-based sorting was performed on a BD FACSAria Cell Sorter (BD Biosciences, Franklin Lakes, NJ, USA) and data were analyzed with BD FACSDiva software (BD Biosciences).
Cell cycle analysis. The freshly sorted PKH26 hi , PKH26 low and PKH26 neg cells from SKOV3-P and SKOV3-R tumors were plated in 60-mm dishes. Following 72-h culture, the supernatant was gently removed, to avoid detachment of the poorly adherent cells. The cells were detached by digestion with Trypsin-EDTA (Gibco-BRL, Carlsbad, CA, USA), pelleted by centrifugation at 1,700 x g for 4 min, and washed twice with ice-cold PBS. A total of 1x10 6 cells were resuspended in 5 µg/ml DAPI buffer (100 mM Tris, pH 7.4, 150 mM NaCl, 1 mM CaCl, 0.5 mM MgCl 2 , 0.1% Nonidet P-40; Invitrogen Life Technologies, Carlsbad, CA, USA) and incubated in the dark for 30 min at room temperature. The DNA content was analyzed by flow cytometry using a cell sorter, and the proportion of cells in a particular phase of the cell cycle was determined with ModFit LT software for Windows version 3.2 (Verity Software House, Inc., Topsham, ME, USA).
Quantitative polymerase chain reaction (qPCR) analysis.
qPCR analysis was used to measure the expression levels of the stem cell markers Nestin, Oct3/4, CD117 and CD44 in the three groups of PKH26 cells (~1x10 6 cells from each group were harvested for PCR) from SKOV3-P and SKOV3-R tumors. The total RNA was isolated using TRIzol™ reagent (Invitrogen Life Technologies) and the cDNA was synthesized by reverse transcription according to the manufacturer's instructions of an RT-kit (BioTeke Corporation, Beijing, China). The qPCR was conducted using SYBR-Green (Beijing TransGen Biotech Co., Ltd., Beijing, China) with a Rotor Gene 6000 Real-time PCR Detection system (Biolabo Scientific Instruments SA, Châtel-St-Denis, Switzerland) according to the manufacturer's instructions. The reactions were performed in a 25 µl volume. All qPCR was performed with the following cycling conditions: Initial denaturation at 95˚C for 5 min, followed by 40 cycles at 95˚C for 30 sec, 60˚C for 30 sec and 72˚C for 3 min. The results were analyzed by the 2 -ΔΔC method based on the cycle threshold (Ct) values using GAPDH as an internal control.
The primers used for the qPCR were as follows: Nestin forward, 5'-AGC GTT GGA ACA GAG GTT GGA and reverse, hi , PKH26 low and PKH26 neg cells were sorted from SKOV3-P and SKOV3-R tumors, pelleted by centrifugation at 1,700 x g for 4 min, and washed twice with ice-cold PBS. The PKH26 hi , PKH26 low and PKH26 neg cells (~1x10 6 ) from the SKOV3-P and SKOV3-R tumors were resuspended in 100 µl ice-cold PBS, stained with Nestin, Oct3/4, CD117 and CD44 mouse monoclonal fluorescein isothiocyanate-conjugated antibodies (BD Biosciences) and incubated in the dark for 30 min at room temperature. The stained cells were analyzed using an FACSAria flow cytometer. The mean fluorescence intensity represented the protein expression levels of the stem cell markers. The protein expression was evaluated using the following formula: Protein expression = lgX-Mode x340. The experiments were repeated a minimum of three times.
Clonogenicity assays. Clonogenicity assays were performed to determine the initiating tumor capacity of the three fractions of PKH26-retaining cells (PKH26 hi , PKH26 low and PKH26 neg ) from the SKOV3-P and SKOV3-R tumors. PKH26 hi , PKH26 low and PKH26 neg cells were freshly sorted, counted and plated in triplicate at a density of 500 cells/well in 24-well plates. Once the majority of cell clones had expanded to >30 cells, they were washed twice with PBS, fixed in ice-cold methanol for 15 min and stained with Giemsa (Applichem GmbH, Darmstadt, Germany) for 15 min at room temperature. Subsequent to washing out the dye with distilled water, the clone numbers were counted. Colony formation efficiency was calculated as follows: Colony formation efficiency = colonies/input cells x100. The clone formation assays were performed in triplicate.
Tumorigenicity assays. All the animal studies adhered to the protocols approved by the Animal Care and Use Committee of the Bethune International Peace Hospital (Shijiazhuang, China).
In the pre-experiment, PKH26 hi , PKH26 low and PKH26 neg cells from SKOV3-P tumors were resuspended in 0.5 ml PBS and were administered by s.c. injection into the six groups of nude mice at different cell densities (5,000, 10,000, 20,000, 40,000, 80,000 and 1x10 6 cells/ml). The results indicated that the minimal cell densities for tumor initiation in the PKH26 hi and PKH26 low cells were 10,000 and 40,000 cells/ml, respectively, whereas PKH26 neg cells failed to display tumor-initiating capacity at any of the tested cell densities. In the present study, two relatively small cell densities were selected in order to compare the tumorigenicity between SKOV3-P and SKOV3-R tumor-derived PKH26 cells. PKH26 hi , PKH26 low and PKH26 neg cells derived from SKOV3-P and SKOV3-R tumors were respectively resuspended in 0.5 ml PBS, and administered via s.c. injection into the four groups of 5-6-week-old female nude mice at either 10,000 or 20,000 cells/ml. The 10,000 cells/ml SKOV3-P tumor group (n=18, three groups of six each) was injected with 10,000 cells/ml PKH26 hi , PKH26 low or PKH26 neg cells derived from the SKOV3-P tumors. The 20,000 cells/ml SKOV3-P tumor group (n=18, three groups of six each) was injected with 20,000 cells/ml PKH26 hi , PKH26 low and PKH26 neg cells derived from the SKOV3-P tumors. The 10,000 cells/ml SKOV3-R tumor group (n=18, three groups of six each) was injected with 10,000 cells/ml PKH26 hi , PKH26 low and PKH26 neg cells derived from the SKOV3-R tumors. The 20,000 cells/ml SKOV3-R tumor group (n=18, three groups of six each) was injected with 20,000 cells/ml PKH26 hi , PKH26 low and PKH26 neg cells derived from SKOV3-R tumors. The engrafted mice were inspected every other day for tumor development by visual observation and palpation. The tumor formation was evaluated in the four groups of mice, 4 weeks subsequent to transplantation. The present study defined tumor formation as a xenograft tumor volume ≥100 mm 3 .
Statistical analysis.
Values are expressed as the mean ± standard deviation. The Student's t-test, χ 2 test, exact probabilities in a 2x2 table and one-way analysis of variance was performed for the statistical evaluation of the data. The data were analyzed using SPSS statistical software (version 17.0 for Windows; SPSS, Inc., Chicago, IL, USA). A P<0.05 was considered to indicate a statistically significant difference.
Results
Tumor growth and mouse condition assessment. For tumor formation, 1x10 7 PKH26-labeled SKOV3 cells were administered by s.c. injection into the thighs of mice (n=70). The engrafted mice (average tumor volume 100 mm 3 ) were randomly assigned into two groups, 14 days following injection: The control (n=35) and treatment (n=35) groups. There were no significant differences in the xenograft tumor volumes between the two groups (102.9±16.69 mm 3 vs. 104.7±13.43 mm 3 , P=0.793) prior to treatment. As indicated in Fig. 1 , P<0.05). The two groups of mice reached the breeding termination standard on day 42, and the mice were sacrificed by cervical dislocation under sodium pentobarbital anesthesia. Following sacrifice of the mice and dissection of the tumors, a significant difference in the weight of the tumors was observed between the two groups (4.72±0.46 g, SKOV3-P tumors vs. 1.03±0.11 g, SKOV3-R tumors, P<0.05).
At the end of cisplatin treatment (day 35), the mice treated with cisplatin exhibited various side effects, including weight loss (21.41±0.74 g, control group vs. 19.32±0.67 g, cisplatin group, P<0.05), short-term drowsiness, mild skin discoloration, diet decline (3.63±0.22 g/day, control group vs. 1.96±0.15 g/day, cisplatin group, P<0.05) and leucopenia (7.41±0.15x10 9 /l, control group vs. 6.86±0.31x10 9 /l, cisplatin group, P<0.05). Although the chemotherapy treatment was causative of some of these side effects, the mice developed an extent of tolerance to the chemotherapy, based on the grading criteria of the side effects. neg cells implied a rapid division. Such profiles were also identified in SKOV3-R tumors (Fig. 2A) .
The percentage of each PKH26 retention fraction varied between SKOV3-P and SKOV3-R tumors (Fig. 2B) . The percentage of sorted PKH26 hi cells was significantly higher in SKOV3-R tumors (7.57%) as compared with that of SKOV3-P cells (2.89%) (P=0.003). Accordingly, the proportion of PKH26 low cells from SKOV3-R tumors (70.94%) was significantly higher than that of the SKOV3-P tumors (48.87%) (P=0.002), whereas the percentage of PKH26 neg cells from SKOV3-R tumors (20.58%) was significantly lower than that of SKOV3-P tumors (46.97%) (P=0.002). The elevated numbers of PKH26 hi cells derived from SKOV3-R tumors supported the hypothesis that the administration of cisplatin led to the survival of dormant cells.
Effects of cisplatin on the cell cycle distribution of ovarian cancer cells.
Cell cycle control is an important aspect of CSC biology, and deregulated cell cycle control is one of the fundamentally intrinsic steps contributing to CSC-derived tumorigenesis (27) . To analyze the differences in the proliferation rate of PKH26-labeled ovarian cancer cells in SKOV3-P and SKOV3-R tumors, the cell cycle distribution of each PKH26 intensity group was evaluated by flow cytometry.
It was demonstrated that PKH26 hi cells in the SKOV3-P and SKOV3-R tumors were arrested in the G 0 /G 1 phase, which further supports the theory that PKH26 hi cells represent label-retaining, dormant or slow-cycling cells.
As presented in Fig. 3 , PKH26 low cells in SKOV3-P tumors exhibited a slightly higher proportion of cells in the G 0 /G 1 phase. Of the PKH26 low cells in SKOV3-R tumors, the S phase fraction was increased and the G 2 /M phase fraction Label-retaining PKH26 hi cells preferentially express stem cell markers, which are enhanced by cisplatin. To explore whether PKH26 hi cells had intrinsic properties conferring stem-like characteristics, the expression of three markers that are important in specific signaling pathways and are crucial in establishing and maintaining stem-like characteristics, were investigated.
qPCR was employed to analyze the expression of stem cell markers in PKH26-labeled ovarian cancer cells from SKOV3-P and SKOV3-R tumors (Fig. 4) A significant difference in the expression levels of the stem cell markers existed between SKOV3-P and SKOV3-R PKH26 hi cells. Nestin, Oct3/4, CD117 and CD44 mRNA were significantly upregulated in PKH26 hi cells from SKOV3-R tumors, as compared with SKOV3-P tumors (P=0.024, P=0.045, P=0.022 and P=0.047, respectively).
Flow cytometry was used to detect the protein expression levels of stem cell markers in the PKH26-labeled ovarian cancer cells from SKOV3-P and SKOV3-R tumors (Table I).  PKH26 hi cells in SKOV3-P and SKOV3-R tumors expressed significantly higher levels of all four stem cell markers as compared with PKH26 low cells (P<0.05). PKH26 neg cells did not express the stem cell markers. PKH26
hi cells from SKOV3-R tumors expressed significantly higher Nestin, Oct3/4, CD117 and CD44 protein (P=0.04, P=0.037, P=0.001, and P=0.04, respectively), as compared with SKOV3-P-PKH26 hi cells.
Label-retaining PKH26
hi cells exhibited colony formation capability and tumorigenicity and cisplatin increased Table I . Protein expression of stem cell markers in the three sorted PKH26 cell clones from SKOV3-P and SKOV3-R tumors. 
stem-like features. PKH26
hi and PKH26 low cells demonstrated in vitro clonogenic capability, and the colony formation rate of PKH26 hi cells was significantly higher as compared with PKH26 low cells in SKOV3-P tumors (t=11.029, P=0.001) and SKOV3-R tumors (t=13.81, P=0.000). The colony formation capability was almost absent in PKH26 neg cells derived from SKOV3-P and SKOV3-R cells.
As presented in Fig. 5 , a significant difference was identified between the clonogenic capability of SKOV3-P and SKOV3-R tumor cells. The rate of colony formation was significantly higher in SKOV-R cells as compared with SKOV3-P cells in PKH26 hi (t=4.467, P=0.011) and PKH26 low (t=4.35, P=0.012) cells.
The tumorigenicity of the three groups of screened PKH26-retaining cells from SKOV3-P and SKOV3-R tumors was analyzed in vivo (Table II) . The PKH26 hi , PKH26 low and PKH26 neg cells from SKOV3-P and SKOV3-R tumors were transplanted into 5-6-week-old female nude mice at densities of 10,000 or 20,000 cells/ml.
In SKOV3-P tumors, PKH26 hi cells exhibited tumorigenicity at the two cell densities; the tumorigenic rates were 50% (3/6) and 83% (5/6) in the 10,000 and 20,000 cells/ml groups, respectively. PKH26 low and PKH26 neg cells did not exhibit tumorigenicity.
In SKOV3-R tumors, the highly tumorigenic nature of the PKH26 hi cells was clearly demonstrated at the two cell densities, which were capable of developing tumors. The tumorigenic rates were 83% (5/6) and 100% (6/6) in the 10,000 and 20,000 cells/ml groups, respectively. The minimum cell density of tumor initiation for the PKH26 hi cells was 20,000 cells/ml and the tumorigenic rate was 33% (2/6), whereas tumorigenicity was absent in the PKH26 neg cells at the two cell densities.
Although there was no statistically significant difference in the tumorigenic rate between SKOV3-P-PKH26 hi cells and SKOV3-R-PKH26 hi cells, SKOV3-R-PKH26 hi cells exhibited slightly higher tumorigenicity. A similar situation was observed in the PKH26 low cells at a cell density of 20,000 cells/ml (P>0.05).
Discussion
Tumor dormancy is a stage of tumor progression in which residual disease remains asymptomatic for an extended period of time (28) . The presence of dormant tumor cells is an indicator of one of the earliest stages in tumor development, or as minimal residual disease remaining following the successful treatment of the primary tumor by surgical resection and adjuvant treatment (29) . Therefore, tumor dormancy is not only a biological property of malignant tumor cells but also a cause of treatment failure, metastasis and recurrence of tumors.
In the current mouse xenograft models, administration of cisplatin led to the inhibition of tumor growth, and xenograft tumors (SKOV3-R tumors) coexisted with their host at a stable size in contrast to the continuously growing SKOV3-P tumors. Additionally, the toxic effects of cisplatin administration in the treatment groups were observed. Although cisplatin induced weight loss, leucopenia, short-time drowsiness, mild skin discoloration and diet decline during the treatment period, the mice exhibited a certain level of tolerance to the chemotherapy. Accordingly, SKOV3-R tumors became drug-resistant following longer periods of cisplatin administration.
Cisplatin is one of the most potent antitumor agents, and has been used clinically for numerous years to treat a wide variety of solid tumors, including head and neck, testicular, ovarian, cervical and lung tumors (30) . The cytotoxic mode of action of cisplatin is mediated by its interaction with DNA to form DNA adducts. Platinum-DNA adducts, which are formed following the uptake of cisplatin into the nucleus of cells, activate several cellular processes that mediate the cytotoxicity of chemotherapeutic agents (31) . Cisplatin, like many other chemotherapeutic agents, targets rapidly proliferating tumor cells because these cells can absorb more drug into the nucleus, while reduced drug uptake may protect the slow-proliferating tumor cells from chemotherapy. Therefore, it has been predicted that subsequent to intensive and continuous chemotherapy, residual tumor cells may be slow-proliferating cell clones (32) .
It is well established that tumors present genetic complexity and heterogeneity; there are multiple subpopulations (also known as subclones) of tumor cells in primary tumors and these subsets have different proliferative capacities and phenotypes (33) (34) (35) (36) . In the current study, a series of cancer cell clones were successfully isolated from ovarian tumor cells according to PKH26 intensity. These cell clones, PKH26 hi , PKH26 low and PKH26 neg cells from SKOV3-P and SKOV3-R tumors, differed in their growth rates and cell cycle distributions, indicating that ovarian cancer cells within xenograft tumors were hierarchically organized, composed of different proliferative subclones. PKH26 hi cells existed in SKOV3-P and SKOV3-R tumors and the majority of these cells were arrested in the G 0 /G 1 phase. This result further confirmed that PKH26 hi cells represent dormant or slow-cycling cells. The findings of the current study indicated that cisplatin Thus far, based on stem cell behavior in the normal epithelium, at least four separate criteria have been established for CSCs, including: (i) Self-renewal capacity (37), (ii) the capacity to remain quiescent (38) , (iii) resistance to chemotherapy (39) and (iv) enhanced tumorigenicity in mouse models (40) . In the present study, the results demonstrated that PKH26 hi cells possessed stem-like characteristics. PKH26
hi cells proliferated slowly, expressed higher levels of stem cell markers and possessed enhanced clonogenic capability and tumorigenicity as compared with PKH26 low and PKH26 neg cells. Most notably, the results demonstrated that chemotherapy led to the enrichment of PKH26 hi cells, and that PKH26 hi cells exhibited significantly higher expression levels of stem cell markers, clonogenic capability and higher tumorigenicity tendencies in SKOV3-R tumors as compared with those in SKOV3-P tumors. CSCs in primary tumors may avoid the first round of chemotherapy and/or radiotherapy and gradually lead to tumor recurrence. The current study indicated that cisplatin altered the proportion and stemness of dormant stem-like SKOV3 PKH26 hi cell clones. Cancer cells are organized hierarchically within tumors and not all cells are equal (38) . Chemotherapy and/or radiotherapy may alter this hierarchy. In the present study, SKOV3-R-PKH26
hi cells with enhanced stem-like features suggested that chemotherapy may activate this pathway of subclone transition. In the clinical practice, intensive and continuous chemotherapy is also attributed to increased chemoresistance and the formation of aggressive cancer cell clones in patients. A novel challenge is the maintenance of the equilibrium between longer high-quality survival and the optimal chemotherapy model. This new optimal chemotherapy model should kill sensitive cancer cells and enable patients to be asymptomatic, and would allow sensitive cancer cells to be the dominant clone in residual tumor cell clones.
In conclusion, the present study identified that there were multiple cell clones (PKH26 hi , PKH26 low and PKH26 neg cells) in single cell line-generated xenograft tumors, and these cell clones exhibited various growth rates, cell cycle distributions and expression profiles of stem cell markers. PKH26 hi cells were dormant or slow-cycling cells and exhibited stem-like properties. To the best of our knowledge, the findings of the present study are the first to demonstrate that chemotherapy leads to the enrichment of PKH26 hi cell clones, and seemly enhances the stemness of SKOV3-R-PKH26 hi cells. These dormant or slow-cycling cell clones bearing stem cell properties may facilitate the adaptation of cells to the foreign microenvironment and eventually lead to drug resistance. Future studies are required to explore the effects of different chemotherapeutic models on the equilibrium between maintaining the chemotherapeutic sensitivity of residual tumor cells and providing a longer survival and higher quality of life for patients.
